ABSTRACT
INTRODUCTION
Recent epidemiological studies show that the prevalence of allergic diseases in Japan is approximately 40% in children and 30% in adults, 1 with a prevalence rate of food allergy in infants of 8%, 2 which is similar to the rates in other developed countries such as France 3 and the United States. 4 Although changes in the environment may be one cause for the increase in allergic disorders in the last few decades; it has also been shown that there is a strong genetic predisposition for food allergies. 5, 6 The gene encoding CD14 is one of several genes related to the expression of allergic phenotypes, as it is located on chromosome 5q31, a region that is linked to atopy. 7, 8 CD14 is a multifunctional receptor that is expressed on the surface of monocytes, macrophages and neutrophils, and as a soluble form in serum. 9 It is the principal receptor for lipopolysacharides (LPS), whose engagement results in the activation of antigen presenting cells, including macrophages and dendritic cells. The subsequent release of pro-inflammatory cytokines as IL-12 10 is regarded as an obligatory signal for the maturation of naive T cells into Th1 cells 11, 12 and the suppression of Th2 type cell-dependent immunoglobulin E (Ig E) responses. 13 In previous studies, the CD14 gene has been reported to contain several polymorphisms in both the coding and promoter regions. 14 The polymorphism at position -159, a C to T transition, has been investigated as a candidate gene for atopy, 15 although, so
Allergology Internatinal Vol 56, No1, 2007 www.jsaweb.jp! far, there have been conflicting results about the relationship between this polymorphism and atopic phenotypes. [16] [17] [18] [19] [20] Woo et al. recently reported an association between food allergy and the TT genotype of CD14 C-159T, particularly in white subjects in the United States of America. 21 Until now, no other studies on the association of CD14 polymorphisms with food allergy have been reported, especially in different ethnic groups.
The objective of this case control study was to investigate the association between the polymorphisms in the CD14-159 and -550 genes and food allergy in Japanese children.
METHODS

SUBJECTS
Eighty-eight childhood patients with food allergy, with a mean 7.1+! −5.0 years of age were included from the Pediatrics Allergy Clinic at the Chiba University Hospital. All patients experienced immediate adverse reactions upon ingestion of offending foods. CAP RAST score to the offending food allergens was 2 or more in all patients. The diagnosis of food allergy was confirmed by open or blind challenge tests unless the patients experienced anaphylactic reactions to offending foods. Sixty-seven patients had positive RAST results to more than one food and the foods most frequently related to allergy were egg and milk. At the time of blood sampling, 44 patients had active reactions to food and 44 had outgrown food allergy. One hundred and one healthy control children volunteers (mean = 9.45+! −1.5 years of age) were recruited from the Attached Elementary School of Education Department of Chiba University. Healthy controls had no history of food allergy upon careful history taking. Total serum IgE was less than 60 IU! ml and they had no specific IgE antibodies to major airborne and food allergens.
Approval from the Ethics Committee of Chiba University was received. All parents of the children participating in this study gave their informed consent.
IgE ANTIBODY ANALYSIS
Total serum IgE levels (IU! ml) were analyzed with laser nepherometry and allergen-specific IgE antibodies were measured by fluorescent enzyme immunoassay (AutoCAP system, Pharmacia Diagnostics AB, Uppsala, Sweden).
MOLECULAR METHODS
Genomic DNA was isolated from EDTA-anticoagulated whole blood according to the instructions for the QIA.amp DNA Blood Kit from QIAGEN (Japan).
DETECTION OF THE BI-ALLELIC POLYMOR-PHISM C-159T IN THE 5' REGION OF THE CD14 GENE
The presence of -159C or -159T alleles was analyzed by means of PCR using the method reported previously. 14 The forward primer for CD14-159 was 5'-GTGCCAACAGATGAGGTTCAC-3' and the reverse primer was 5'-GCCTCTGACAGTTTATGTAATC-3'. Commercially available AvaII endonuclease (New England Biolabs, Tokyo, Japan) is specific for the sequence GGTCC, which is present only among carriers of the CD14 -159T allele. The digested fragments were separated by electrophoresis in 2% agarose gels and visualized by ethidium bromide staining. The homozygous C allele of the CD14 gene appears as a single 497 bp (base pair) band and the homozygous T allele as 144 and 353 bp fragments. Heterozygotes exhibited all bands: 144, 353 and 497 bp.
DETECTION OF THE BI-ALLELIC POLYMOR-PHISM C-550T IN THE 5' REGION OF THE CD14 GENE
The C-550T polymorphism was detected using a modification of the technique reported previously. 22 The forward primer for CD14-550 was 5'-GGAAGGGGGAATTTTTCTTTAGGC-3' and the reverse primer was 5'-GGCAGTGTCCTGATGACTCA-3'. PCR was performed in a final volume of 15 μl, containing 25 ng of genomic DNA, 200 μM dNTP, 2.4 mM MgCl2, 10× buffer (TAKARA Bio Inc, Japan) containing 50 mM KCl, 10 mM Tris-HCl buffer (pH 8.4), 0.4 U Taq polymerase (TAKARA Bio Inc) and 0.1 μM each of the forward and reverse primers. Cycling conditions were 95 for 2 minutes, followed by 35 cycles of 95 for 30 seconds, 60 annealing for 30 seconds, 72 for 40 seconds and a final extension at 72 for 10 minutes. An aliquot (8.5 μl) of the PCR product was digested with 5 U of the restriction enzyme HaeIII (New England Biolabs) at 37 for 16 hours. The final products were separated in 2% agarose gels. The digestion revealed fragments of 236 bp length for the C allele and 258 bp for the T allele.
STATISTICAL ANALYSIS
All statistical analyses were performed using the program packages SNPAlyze ver. 4.1 (Dynacom Co. USA) and GraphPad Prism ver. 4.0 (GraphPad Software Inc. USA). The chi-square (χ 2 ) test and Fischer's exact test were used to compare differences in genotype or allele frequency among groups. Odds ratio (OR), confidence intervals (CI) and P values were calculated, and P values <0.05 were considered to indicate significant differences. Serum IgE levels (IU! ml) were transformed to log10 values and the difference in the mean log (IgE) values among the three different genotype groups were assessed by analysis of variance (ANOVA). Power of this study was calculated with the aid of Sample Power program (SPSS, 
RESULTS
Demographic characteristics and concomitant allergic diseases of patients and healthy controls are shown in Table 1 .
The genotype distributions for both polymorphisms were consistent with Hardy-Weinberg equilibrium in both allergic and control groups. The allele frequencies for CD14-159 were: -159C: 46.6% patients vs 45.5% controls; -159T: 53.4% patients vs 54.5% controls; the C versus T allele ratio showed no significant difference (p = 0.8). Table 2 summarizes the codominance model of the C-159T polymorphism, comparing the frequencies of CC, CT and TT genotypes between patients and control subjects.
To explore the dominant-recessive character of the C-159T polymorphism, we evaluated the relevant homozygote with the heterozygote and alternate homozygote combined by using the χ 2 test with 1 degree of freedom (df ). The test of the CC genotype (e. g. CC vs CT! TT) revealed no difference between food allergy patients and healthy controls (p = 0.8), and for the TT genotype (TT vs CT! CC) as well, no relationship was found (p = 0.7).
Concerning the C-550T polymorphism, the frequencies of the alleles were: -550C: 75% patients vs 75.7% controls; -550T: 25% patients vs 24.3% controls; no significant difference in the C versus T allele ratio was found (p = 0.8). Table 3 shows the frequency of genotypes CC, CT and TT. An evaluation of the CC genotype vs others showed no difference between patients and controls (p = 0.9), and no significant difference was found for the TT genotype (p = 0.8).
Comparing the frequencies of haplotypes between patients and controls, we could not find any significant difference in both groups (Table 4) .
There was also no association between total serum IgE levels and CD14C-159T genotypes (Table 5) or CD14C-550T (Table 6) for either food allergy patients or healthy control children.
The frequency of CD14-159 TT genotype in controls was 0.307 ( Table 2 ). Assuming that the odds ratio (OR) of a risk genotype were 2.31, the present study (a sample size of 88 cases and 101 controls) had a statistical power of 80% to detect an association with the disease at P = 0.05. This power is enough to replicate the results of Woo JG et al. 21 In their study they found that the frequency of -159TT genotype increased from 0.10 (control) to 0.30 (food allergy) OR = 3.9.
DISCUSSION
Food allergy clearly has a genetic component. 23 Even though some candidate genes have been investigated, 24 Woo et al. found a strong association with CD14 in a white population in the United States of America. They suggested that one possible explanation for the association between CD14-159T and food allergy might be that lipopolysaccharide (LPS) in foods acts as an adjuvant and increases the specific IgE response to foods in susceptible individuals. 21 There may also be an increased pro-inflammatory response in the gut caused by the presence of the CD14-159T allele, which would cause an elevation in the production of CD14 by monocytes and macrophages and, therefore, an increase in inflammatory cytokines such as IL-1, IL-6, IL-8, IL-12 and TNF-α; 12, 25 this response, then, might be related to enhanced sensitization to food allergens, principally in early childhood. 21 In contrast to Woo's results, we found no association between this polymorphism and food allergy in a Japanese population. The mean age of the patients in our study (7.1 years) was similar with that in Woo's study (5.2 years) and patients with food allergy in the present investigation and theirs developed their symptoms in childhood. The food allergy phenotype was also the same and IgE-mediated food allergy was studied in both investigations.
The power of this study was estimated to be enough (80%) if OR of the risk genotype of CD14-159 TT genotype were 2.31. This OR value seemed to be lower than the estimated OR value observed in Woo's study (3.9) . However, if we consider the lower limit of 95% CI of their OR (1.5), the power would be estimated to be 26%, which is underpowered.
The frequency of TT genotype of C-159T in controls in our study was 30.7%, which is substantially different from Woo's result in the U.S. white population and similar to the results of Nishimura et al. 26 and Gao et al. 27 in the Japanese population. Thus, one explanation for the discrepancy between our results and those of Woo may be the ethnic difference. Another possibility is a difference in environment such as amounts of LPS. In studies of the association between CD14 C-159T polymorphism and atopy-related traits, different results have been reported for the same population, such as Caucasians 15, 19 and this may be explained by the differences in environments. The difference in gene frequencies and environment may lead to different results; for example, two studies in a Japanese population could not confirm the association between CD14 C-159T polymorphism and total serum IgE level, 26, 27 whereas Baldini et al. reported that C-159T in the CD14 gene was associated with serum total IgE concentration in a white population. 14 An association between the CD14-550T allele and high sCD14 in milk but low sCD14 in plasma has been demonstrated, 22 but the relationship with atopic diseases was not studied. In our study, no association between the CD14C-550T polymorphism and food allergy was found. The relationship between this polymorphism and other atopic diseases awaits clarification.
In conclusion, we could not confirm an association between food allergy and CD14-159 and -550 polymorphisms in a Japanese population. A standardized assessment of environmental conditions and the combination of polymorphisms in the promoter and coding regions of the CD14 gene may be necessary to evaluate the existence of an association between gene polymorphisms and food allergy.
